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Renal target structures in acute allograft rejection: A histochemical
study. With an aim to investigate the relative sensitivity of various renal
structures to allograft rejection, we analyzed the histochemical reaction
intensity of seven enzymes prominently displayed in various rat kidney
components, and correlated the expression of these enzymes both to
the degree of intra-graft inflammation and to the expression of class II
MHC antigens in graft capillary endothelial cells. Syngeneic transplants
and normal renal tissue were used as controls. At the peak of inflam-
mation, on the fifth day after transplanation, adenosine triphosphatase
activity of vascular endothelial cells was strongly reduced in the
peritubular capillary endothelium of the allograft, moderately in the
glomerular endothelium but very little in the endothelium of arteries and
veins. Lactate dehydrogenase, succinate dehydrogenase, isocitrate
dehydrogenase, alkaline phosphatase, acid phosphatase and glucose-6-
phosphatase activities were moderately reduced in the proximal tubular
cells of the allograft and even less in the distal tubular cells. The results
suggest that the prime target of the host immune attack is the
intertubular capillary endothelium, whereas the distal tubular cells are
relatively insensitive to immune injury.
Recent cytological [1, 2] and immunohistochemical studies
[3, 4] have firmly documented the sequence of inflammatory
events in acute allograft rejection. Isolation of the inflammatory
cells from rejecting allografts and in vitro cytotoxicity assays
towards the different allograft components have elucidated
some of the functions of the inflammatory cell subtypes in acute
allograft rejection [2, 5, 6]. The final pathways whereby the
graft is destroyed are still largely unknown.
The purpose of this investigation was to quantitate renal
allograft damage using histochemical methods and certain en-
zymes prominently on display in the graft tubular epithelial or
vascular endothelial cells. The rationale of using histochemical
rather than morphological methods in this study is that the
enzymes involved are essential components of the metabolic
activity of a living cell. Thus we expect that alterations in
enzyme activity would be a more sensitive marker for target
damage than plain morphological examination of the target
tissue. Our results suggest that the primary target of the host
immune attack is the peritubular capillary endothelium followed
by glomerular endothelium, whereas the least sensitive struc-
ture is the distal tubular epithelium.
Methods
Rats
The nuclei of the inbred Wistar Furth (WF; AgB-2, RT1 V)and
DA (AgB-4, RTl) strains were obtained from Professor Olof
Sjogren, University of Lund, Lund, Sweden, and Professor J.
Gowans, Dunn School of Pathology, Oxford, UK, respectively.
Male rats weighing approximately 200 to 250 g were used for the
experiments.
Transplants
The transplants were performed from DA to WF strain
(allograft) or from DA to DA strain (syngeneic transplants)
using the method of Lee [7]. Normal, non-transplanted DA
kidneys were also used for additional controls.
Preparation of tissues
The recipient rats were killed on the third or fifth day after
transplantation. The transplanted and control kidneys were
rapidly removed, perfused with phosphate buffered saline
(PBS) until free of blood, representative pieces of the renal
cortex were obtained, embedded in Tissue-Tek II medium
(Lab—Tek Products, Naperville, USA) and snap—frozen in liq-
uid nitrogen. The remaining of the organ underwent enzymatic
digestion as described below. Five m thick frozen sections
were cut at —15°C using a Reichert-Young microtome. Enzyme
histochemistry analyses were performed from fresh made,
air—dried frozen sections.
Dispersion of the allografts and preparation of white cells
The transplants were minced with scissors and immersed in
serum—free Hepes—buffered RPMI-1640 medium (Gibco Bio-
Cult, Glasgow, UK) containing 0.2 mglml collagenase and 0.2
mg/ml DNase (Sigma Chemical Co., St. Louis, Missouri, USA).
The material was incubated at + 37°C for 30 minutes with a
magnetic stirrer until most of the tissue was dissolved. The
remaining clumps were removed by filtration through a fourfold
cotton gauze, the total recovery of nucleated cells was deter-
mined with a hemocytometer, and cytocentrifuged cell smears
were made for differentiation counts.
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Differential counts
Differential counts were performed from May—Grfinwald—
Giemsa (MGG)-stained cytocentrifuged (Shandon Scientific
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Co., London, UK) cell smears. The recovery of inflammatory
cells of a given type was calculated from the total recovery of
nucleated cells and from the percentual distribution of inflam-
matory versus parenchymal cells in the differential counts.
Enzyme histochemical assays
The following assays were performed according to Pearse [8]:
Lactate dehydrogenase (LDH; E.C. 1.1.1.27). Incubating me-
dium contained Na-DL lactate as substrate, Nitro BT as elec-
tron acceptor and polyvinyl pyrrolidone as osmotic protectant
in the mitochondrial dehydrogenase reactions.
Succinate dehydrogenase (SDH; E. C.1 .3.99.1.). Incubating
medium contained Di-Na-Succinate as substrate and nitroblue
tetrazolium (Nitro BT) as electron acceptor. Sections were
fixed in formalin after detection of enzyme activity.
Isocitrate dehydrogenase (IDH; E.C. 1.1.1.41). Incubating
medium contained Iii Na-DL-isocitrate as substrate, Nitro BT
as electron acceptor and NAD as coenzyme.
Alkaline phosphatase (AF; E. C.3.1 .3.1.). This was demon-
strated by the Gomori calcium—cobalt method. Incubating me-
dium contained beta—glycerophosphate as substrate. Reaction
was performed on frozen sections fixed in Bakers solution.
Acid phosphatase (AcP; E.C.3.I.3.2.). This was demon-
strated by the Gomori lead nitrate method. Sections were fixed
in 0 to 4°C formol-Ca (Bakers solution). Incubating medium
contained beta—glycerophosphate as substrate.
Adenosine Triphosphatase (ATP-ase; E. C.3.6.1 .3.). Incubat-
ing medium contained ATP dissodium salt as substrate. Sec-
tions were fixed in formalin after histochemical reaction.
Glucose-6-phosphatase (G-6-Pase; E. C.3.1 .3.9.). Unfixed
sections were incubated in medium containing glucose-6-phos-
phate as substrate.
All specimens were mounted in Aquamount mountant (BDH
Chemicals LTD, Poole, UK) after staining.
Quantitation of the histochemical reaction
The intensity of histochemical reaction was quantitated sep-
arately for the various types of blood vessels and for the
proximal and distal tubuli. Three reaction intensities were
evaluated, using an arbitrary scale: strong reaction (+ +), weak
reaction (+) and negative reaction (—). All evaluations were
made blind, without the reader being aware of the type of
specimen (normal kidney, syngeneic or allogeneic transplant).
To express the intensity of reaction with a single numerical
figure, we also used a "reaction index" calculated as follows:
the percentage of structures giving a strong reaction was
multiplied by 2 and the percentage of structures giving a weak
reaction by 1, the index indicating the sum of these.
Antibodies
Mouse monoclonal antibody against rat class II MHC anti-
gens (MAS 029) was purchased from Sera-Lab Ltd. (Crawley
Down, Sussex, UK). Fluoresceine isothiocyanate (FITC)-cou-
pled goat anti-mouse IgG and tetramethyl rhodamine isothio-
cyanate (TRITC)-coupled goat anti-rabbit IgG were obtained
from Cappel Laboratories (Division of the Biological Corpora-
tion of America, Cochranville, Pennsylvania, USA). Rabbit
antiserum to factor Vill-related antigen (FVIII:Rag) was ob-
tained from Dakopatts a/s (Copenhagen, Denmark).
Time, days after transplantation
Fig. 1. Recovery of inflammatory cells (circles) and expression of class
11 MHC antigens (columns) in graft capillary endothelial cells of DA to
WF allografts and DA to DA autografts. The endothelial cells were
identified by double indirect immunofluorescence with rabbit anti-
FVIII:Rag antibody. Note the logarithmic scale in the inflammatory cell
recovery.
Immunohistochemical identification of class II positive cells
in tissue
Double indirect immunofluorescent staining was performed
on 5 p.m frozen sections, which were air dried and fixed in
acetone for 10 minutes at room temperature. Specimens were
exposed for 30 minutes at room temperature in a humid
atmosphere to a mixture of antibodies MAS 029 and rabbit
anti-FVIII:Rag, washed in PBS, exposed in conditions as above
to a mixture of FITC coupled goat anti-mouse Ig and TRITC
coupled goat anti-rabbit Ig, washed in PBS, dried in air, and
mounted in Aquamount mountant (BDH Chemicals, Poole,
UK). Upon examination of the specimens in a Zeiss Universal
Microscope (Zeiss, Oberkochen, FRG) equipped with an epi-
illuminator IIIRS and filters for FITC and TRITC fluorescence,
the strongly—class—lI—positive dendritic cells were easily distin-
guished from the class—lI—positive vascular endothelial cells
expressing also FVIII:Rag. The number of positive cells was
counted using a 55225 p.m2 grid, 400x magnification and at least
10 separate fields.
Results
The profiles of inflammation and class II MHC antigen
expression in graft capillary endothelial cells are given in Figure
I. The peak of intra-graft inflammation was observed in the
allografts on days 5 to 7. Concomitantly the class II expression
in capillary endothelium strongly increased from five to 150
positive cells/mm2. In the autografts, only a mild inflammatory
episode was recorded and no upregulation of class II MHC
antigens in the capillary endothelium was seen.
ATP-ase activity was observed only in the vascular
endothelial cells of a normal rat kidney. Five days after
syngeneic transplantation, the enzyme activity was slightly
reduced in all endothelial cells regardless of the site of assay.
Five days after allografting, a very prominent reduction of
enzyme activity was observed in the endothelium of peritubular
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Table 1. ATP-ase activity in various types of vascular endothelial cells in a syngeneic and allogeneic transplant and in a normal rat kidney
Reaction intensitya
Type of
transplant
Pcritubular capillaries Gb merularendothelium Arterial endothelium Venous endothelium
+ + + — index + + + — index + + + — index + + + — index
Normal kidney
3 d syng. transpl.
5 d syng. transpl.
3 d allog. transpl.
5 d allog. transpl.
61
48
33
18
0
26
40
52
20
13
13
12
15
62
87
148
136
118
56
13
92
90
84
50
39
8
10
16
42
54
0
0
0
8
7
192
190
184
142
132
100 0
95 5
80 20
70 27
54 42
0
0
0
3
4
200
195
180
167
150
25
24
25
20
13
58
40
33
52
50
17
36
42
28
37
108
84
83
92
76
a Number of structures (%) giving strong endothelial reaction (+ +), weak reaction (+) or no visible reaction (—). For index, see Methods.
capillaries, a moderate reduction in glomerular endothelium but
only a slight reduction in arterial endothelium. In venous
endothelium the enzyme activity was only slightly reduced and
on the level of syngeneic transplants (Table 1, Figs. 2 and 3).
LDH activity was observed both in proximal and distal
tubular cells of a normal rat kidney. In addition, glomeruli and
the medullary part of the nephron displayed slight granular
positivity (not shown). Five days after syngeneic transplanta-
tion, the enzyme activity was moderately reduced both in the
proximal and distal tubli. Five days after allografting, a prom-
inent reduction in the enzyme activity was observed in both
types of tubular cells (Table 2).
SDH activity was present in both types of tubular cells of a
normal rat. Also the glomeruli and the medullary part of the
nephron were slightly positive (not shown). Five days after
syngeneic transplantation there was no change in the activity in
the proximal tubular cells and a slight reduction in the distal
tubular cells. Five days alter allogeneic transplantation, a
moderate reduction in the SDH activity was observed in the
proximal as well as in the distal tubuli (Table 2).
IDH activity was present in both types of tubular cells of a
normal DA rat. There was no change in the activity after
syngeneic transplantation in the proximal or distal tubuli. After
allogeneic transplantation the IDH activity was moderately
reduced in the proximal tubular cells but only slightly in the
distal tubular cells (Table 2, Fig. 2).
AP activity was found only in the brush border of the
proximal tubuli. Other parts of the nephron displayed practi-
cally no activity of this enzyme. After syngeneic transplanta-
tion, there was a slight reduction in the activity in the proximal
tubular cells. After allogeneic transplantation the AP activity in
the proximal tubular cells was moderately reduced (Table 2,
Fig. 2).
AcP activity was also localized exclusively to the proximal
tubuli. In a normal DA rat also the glomeruli displayed a slight
reactivity, whereas the medullary part of the nephron was
negative (not shown). After syngeneic transplantation there was
moderate reduction in the intensity of reaction in the proximal
tubular cells, and after allogeneic transplantation a prominent
reduction (Table 2).
G-6-Pase activity was found only in the proximal tubuli of a
normal rat kidney. Other parts of the nephron were negative
(not shown). The G-6-Pase activity of the proximal tubular cells
was moderately reduced by both after syngeneic and allogeneic
transplantation.
Endothelial
cells
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Fig. 2. Intensity of adenoside triphosphatase (ATP), alkaline phospha-
tase (AP) and isocitrate dehydrogenase (IDH) reactivity in DA to WF
renal allografts (vertical lines), DA to DA autografts (dotted) and in a
normal DA kidney (blank) on day 5 after transplantation. Arbitrary
scale.
Discussion
The observed staining patterns in a normal kidney are almost
similar to those previously reported by other investiga-
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Fig. 3. ATP-ase staining pattern in an autograft (A) and allograft (B) and alkaline phosphatase staining pattern in an autograft (C) and allograft
(D) five days after transplantation.
tors[9—12]. The only (minor) difference was observed in regard
to ATP-ase activity, where we observed a positive reaction only
in the endothelium but not in other components of the nephron,
as reported by others [11].
The enzymes involved in this study are essential components
of metabolic functions of a living cell. For example, the IDH
and SDH are involved in the Krebs cycle [13], LDH in
glycolysis [14], AcP in hydrolytic activity of lysozymes [15], AP
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Table 2. Different enzyme activities in proximal and distal tubular cells of a syngeneic and allogeneic transplant and a normal rat kidney
Enzyme
Type of
transplant
Reaction intensitya
Proximal tubuli Distal tubuli
+ + + — indexb + + + — index
Lactate DH
Succinate DH
Isocitrate DH
Acid phosphatase
Alkaline phosphatase
Glucose-6- phosphatase
Normal kidney
3 d syng. transpl.
5 d syng. transpl.
3 d allog. transpl.
5 d allog. transpl.
Normal kidney
3 d syng. transpl.
5 d syng. transpl.
3 d allog. transpl,
5 d allog. transpl.
Normal kidney
3 d syng. transpl.
5 d syng. transpl.
3 d allog. transpl.
5 d allog. transpl.
Normal kidney
3 d syng. transpl.
Sdsyng.transpl.
3 d allog. transpl.
5 d allog. transpl.
Normal kidney
3 d syng. transpl.
5 d syng. transpl.
3 d allog. transpl.
5 d allog. transpl.
Normal kidney
3 d syng. transpl.
5 d syng. transpl.
3 d allog. transpl.
5 d allog. transpl.
84
73
54
56
10
70
65
75
42
46
36
32
43
13
6
39
21
29
12
0
94
54
52
67
41
80
71
28
46
33
16 0
18 9
26 20
29 15
74 16
29 1
27 8
18 7
47 14
38 16
63 1
61 6
50 7
73 14
68 26
39 22
53 26
53 17
30 58
24 76
5 0
31 15
35 13
23 10
28 31
5 15
13 15
49 23
37 23
39 28
184 73
164 55
134 21
141 25
94 4
169 19
157 5
168 8
131 7
130 8
135 6
125 10
136 11
99 3
80 10
117 0
95 0
111 0
54 0
24 0
193 0
139 0
139 0
157 0
110 0
165 0
156 0
105 0
105 0
105 0
27 0
26 18
63 16
58 16
65 35
81 0
77 18
85 6
75 18
60 32
91 3
78 13
83 6
81 16
65 24
11 89
13 87
10 90
0 100
0 100
0 100
0 100
0 100
0 100
0 100
0 100
0 100
0 100
0 100
0 100
173
136
105
108
73
119
87
101
90
76
102
98
105
87
85
11
13
10
0
0
0
0
0
0
0
0
0
0
0
0
a Number of structures giving strong epithelial cell reaction (+ +), weak reaction (+ ) or no visible reaction. For index see Methods.
in adsorption of macromolecules from primary urine into the
proximal tubuli [16], G-6-Pase in dephosphorylation of glucose-
6-phosphate [17] and ATP-ase in cellular membrane functions
of the endothelial cells. Together they are supposed to charac-
terize the metabolic integrity of these cells. Thus demonstration
of these enzymes in this study has been used only for this
purpose.
Apart cellular infiltration and interstitial oedema, no or very
minor alterations in the graft have been previously described at
light microscopy level at early stages of acute drug—unmodified
rejection. Thus the rationale of our study, the use of histochem-
ical enzyme methods as markers for metabolic integrity, seems
to add to pre-existing knowledge. Our results demonstrate the
large differences in the relative sensitivity of different target
organ components to host immune attack.
In the DA to WF strain combination, the inflammatory
response of rejection peaks on the fifth to seventh day after
transplantation, while blood circulation in the renal allograft is
still entirely intact [2]. Assuming that one of the first changes in
the graft is (reversible) damage of the cellular function, it
appears that very significant differences exist between different
components of a renal allograft in regard to their relative
sensitivity to immune injury. The most sensitive component is
obviously the endothelium of peritubular capillaries. The very
prominent decline of ATP-ase activity in the peritubular
endothelial cells may be related to a decline in cell membrane
function, increased permeability to tissues and tissue edema.
This observation is compatible with the electron microscope
findings of Forbes and Guttmann on rat heart allografts [18].
Minor reductions of enzyme activity were observed also in
syngeneic transplants, which are interpreted of being due to
operative trauma and/or the modest inflammatory response
observed invariably also in syngeneic transplants [2]. Consid-
ering also the remaining cellular components of the kidney, the
reductions of enzyme activity in the allograft were clearly more
prominent than in syngeneic transplants. Of the six enzymes
characteristic to tubular cells, three were shared by proximal
and distal tubular cells and three appeared only in proximal
tubuli. In the allograft, more prominent reductions in enzyme
activity were usually observed in the proximal part of the
tubulus. This finding may indicate that the distal part of the
tubulus might be slightly less sensitive than the proximal part,
though the tubular cells in general appear far less sensitive than
the vascular, in particular the capillary endothelial cells.
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